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High-Ardenne slate belt, a fossil overpressured reservoir 
The High-Ardenne slate belt (HASB) is part of the Rhenohercynian external fold-and-thrust belt at the northern 
extremity of the Late Paleozoic, Central European Variscides. The slate belt consists of Lower Devonian,  
fine-grained siliciclastic sediments, reflecting a rapid syn-rift basin fill during the early Paleozoic. 
Low-grade metamorphism (250°C-350°C) has primarily a 
pre- to early syn-orogenic burial origin. Subsequently, the 
metasediments were affected by a contraction-dominated 
deformation, materialized by a pervasive slaty cleavage. 
The slate belt can be considered as a fossil analogue of a 
mid-crustal, low-permeability environment at the brittle-plastic 
transition (depth range from 7 to 15 km). 
Case studies – BNV: Rursee, Bastogne / BPV: Rursee /  
SOV: Daversisse / DV: Herbeumont / MQO: Mousny 
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Rationale 
In mid-crustal, low-permeability environments, pervasive fluid 
flow is primarily driven by the production of internally-derived 
metamorphic fluids, causing a near permanent state of near-
lithostatic fluid pressure conditions. In a tectonically active crust, 
these overpressured fluids will generate intermittently an 
enhanced permeability that will facilitate fluid flow through the 
Earth’s crust. 
Quartz veins are used as a proxy for the enhanced permeability. 
A detailed (micro-)structural, petrographical, mineralogical and 
geochemical study of different quartz-vein occurrences has 
enabled to reconstruct the evolution of the crustal-scale 
permeability, as well as to constrain the coupled fluid-pressure 
and stress-state evolution throughout the orogenic history. 
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Summary 
Extensive veining on a regional scale seems confined to periods of 
tectonic stress inversion, both at the onset – compressional tectonic 
inversion (BNV, BPV) – and in the final stages of orogeny – extensional 
tectonic inversion (DV, MQO). Periods of tectonic inversion, characterized 
by sustained near-lithostatic to supralithostatic fluid pressures and low 
shear stresses, turn out to be key moments of enhanced permeability in 
mid-crustal, low-permeability environments, guaranteeing fluid-pressure 
driven flow of internally-derived metamorphic fluids. 
Syn-orogenic veining (SOV), on the other hand, is relatively uncommon, 
only occurring in small-displacement accommodation structures, 
suggesting that during the main contractional stage of orogeny, 
characterized by higher shear stresses, locally enhanced permeability is 
rather deformation-controlled.  
Bedding-normal veins – BNV (Rursee, Bastogne) 
BNVs are extension veins, confined to 
sandstone beds. In anchizone (Rursee) 
elongate-blocky quartz growth (crack-seal) 
tracks fracture opening; in epizone 
(Bastogne) blocky quartz growth infers 
open-space filling in plastically deforming 
fluid-filled fractures. 
BNVs, predating fold and cleavage 
development, are associated with the 
onset of orogeny during latest burial stages 
of the rift basin.  VAN NOTEN ET AL. 2011 
Bedding-parallel veins – BPV (Rursee) 
BPVs are extensional-shear veins, 
showing a composite internal fabric, ranging 
from elongate-blocky (crack-seal) to blocky 
(open-space filling). 
BPVs, predating fold and cleavage 
development, are associated  with bedding-
parallel shearing during earliest stages of 
contractional deformation in the HASB. 
Both BNVs and BPVs precipitated from A1 
(anchizone), to A2-G1 fluids (epizone).  
 
VAN NOTEN ET AL. 2011 
Compressional tectonic inversion 
BNVs developed as extension veins (ext) at differential stress conditions  
< 4T and near-lithostatic fluid pressures in an extensional regime, 
related to the latest stages of burial in the rift basin, while BPVs 
developed as extensional (ext) and extensional-shear veins (es) at 
differential stress conditions of < 4T (ext) and < 5.66T (es), respectively, 
and supralithostatic fluid pressures in a compressional regime, related 
to the initial stages of contractional deformation in the HASB. 
An increasing tectonic stress component (σT), heralding the Variscan 
orogeny, is invoked as driving mechanism to decrease the differential 
stress during the latest stages of burial and to generate lithostatic fluid 
overpressures. Once differential stress is substantially reduced, mode I 
fracturing occurs and BNVs form. After tectonic inversion, BPVs form  
under horizontal compression due to the still increasing tectonic stress. 
A theoretical reconstruction of the 3D stress-state evolution during the 
compressional tectonic inversion infers a transitional ‘wrench’ regime, 
seemingly not preserved in any structural feature. 
VAN NOTEN ET AL. 2012 
VAN NOTEN ET AL. 2012 
Syn-orogenic veins – SOV (Daverdisse) 
SOVs occupy meso-scale, small-displacement, 
primarily brittle, accommodation structures 
associated with fold initiation, amplification and 
locking (saddle reefs, extrados veins). 
Open-space quartz growth and fluid-assisted 
brecciation indicate that veining occurred under  
overpressured fluid conditions.  
Successive veining occurred along 
a retrograde deformation path, 
associated with a gradual 
exhumation of the slate belt from 
~7.5 to ~6 km. 
SOVs precipitated from syn- to 
orogenic W1 fluids. 
JACQUES ET AL. 2014 
Discordant veins – DV (Herbeumont) 
DVs originate as mode I fractures transecting slaty 
cleavage fabric.  The absence of matching vein 
walls, and the blocky quartz growth with warped 
saddle dolomite along the vein wall suggest that 
DVs developed as plastically deforming fluid-filled 
fractures within a creeping, low-angle extensional 
shear zone, related to the late orogenic 
extensional tectonic inversion. 
Planar intracrystalline quartz microstructures 
indicate progressively increasing shear stress.  
The fluid system evolves from a closed system with 
(sub-)lithostatic fluid pressures, to a more open 
system, with (supra-)hydrostatic fluid pressures. 
DVs precipitated from syn- to late-orogenic 
 W1 fluids. 
VAN BAELEN 2010 
Evolving metamorphic fluids 
Fluid-inclusion analysis reveals an evolving, closed, 
metamorphic fluid system. Late burial to early orogenic 
fluids are aqueous/gaseous (H2O-CO2-(N2-CH4-)NaCl) (A1, 
F0). These metamorphic fluids are produced by dehydration 
and decarbonisation of organic rich, argillaceous 
metasediments. The presence of large quantitites of non-
polar species indicates intense fluid-rock interaction. 
Within the epizone of the HASB, prograde metamorphic 
maturation enrich the aqueous/gaseous fluids in N2 (F1), 
and eventually results in pure gaseous fluids (A2, G1). 
During later stages of orogeny, aqueous fluids (H2O-NaCl) with low salinities charaterize the entire slate belt (F2, W1). These aqueous 
fluids are associated with the retrograde tectonometamorphic evolution of the slate belt. 
after KENIS ET AL. 2005 
